The objectives of this study were to evaluate the effects of feeding dried distillers grains plus solubles (DDGS) from different sources on milk production and composition in dairy cows. Eight multiparous and 4 primiparous Holstein cows were used in a replicated 4 × 4 Latin square design with 28-d periods. Treatments consisted of total mixed diets containing no DDGS (CON), or DDGS from source 1 (DDGS-1), source 2 (DDGS-2), or source 3 (DDGS-3) at 20% of diet dry matter. The processing of DDGS-2 and DDGS-3 was intended to decrease heat damage and improve nutritional quality. The DDGS in the diets replaced a portion of the ground corn and soybean meal, allowing them to be isonitrogenous at 16% crude protein. All diets had a forage-to-concentrate ratio of 55:45. Dry matter intake (21.4 kg/d) did not differ among diets, but cows fed diets containing DDGS had greater yields of milk (34.6 vs. 31.2 kg/d), 4% fat-corrected milk (32.7 vs. 29.6 kg/d), and energy-corrected milk (35.4 vs. 32.3) compared with cows fed the CON diet. Feed efficiency was greater in cows fed DDGS compared with CON (1.78 vs. 1.63). Milk fat yield was greater in cows fed DDGS compared with those fed CON (1.26 vs. 1.14 kg/d). Milk protein percentages (3.28, 3.13, 3.19, and 3.17% for CON, DDGS-1, DDGS-2, and DDGS-3, respectively) were greater for CON vs. DDGS and tended to be lower for DDGS-1 than for DDGS-2 and DDGS-3. Milk protein yields tended to be greater for cows fed DDGS than for those fed CON (1.09 vs. 1.02 kg/d). Concentrations of milk urea nitrogen were lower in cows fed DDGS compared with CON (9.36 vs. 10.6 mg/dL). Corresponding author: david.schingoethe@sdstate.edu 4784 compared with DDGS-1. In all diets, Lys, Met, and Phe were the first 3 limiting amino acids for protein synthesis with Lys being first limiting in DDGS-1 and DDGS-3 and Met being first limiting for CON and DDGS-2. Inclusion of DDGS did not affect the molar proportions of ruminal acetate or propionate compared with CON. Ruminal proportions of butyrate were lower in CON compared with DDGS. Total concentrations of VFA were greater in CON compared with DDGS. The concentrations of rumen ammonia were greater in CON (7.2 mg/dL) compared with DDGS (4.5 mg/dL). Overall, the source of DDGS used in this study did not affect lactation performance.
INTRODUCTION
The rapid growth of the ethanol industry in the Midwest has generated large quantities of dried distillers grains plus solubles (DDGS) that are available for feeding to dairy cattle. This coproduct is an excellent source of RUP (Firkins et al., 1984; Powers et al., 1995) . It is a source of highly digestible fiber (Al-Suwaiegh et al., 2002) , and because of its low concentration of starch, DDGS incorporated into a dairy ration in lieu of corn can reduce the occurrence of acidosis (Larson et al., 1993) that may accompany a feeding program targeted at high-producing dairy cows. Furthermore, DDGS contains a fairly high concentration of fat, making it a high-energy feedstuff.
The manufacturing process of DDGS may damage a portion of the protein due to excessive heat during the drying that accompanies this process, thus making it unavailable to the animal. In particular, Lys is the first-limiting AA in corn byproducts and is also most susceptible to heat damage because the ε-amino group easily binds with reducing sugars in a Maillard reaction (Schwab, 1995) . Nichols et al. (1998) found Lys to be the first-limiting AA in milk protein synthesis when diets contained 20% DDGS. The status of this AA was improved and milk protein content and yield were increased by feeding ruminally protected Lys and Met. In contrast, Liu et al. (2000) found that feeding additional Lys was not beneficial.
Manufacturing practices may vary among ethanol plants; therefore, the DDGS produced in one may differ considerably from that produced in another (Spiehs et al., 2002) . Significant nutrient variation has also been shown to occur within ethanol plants themselves (Belyea et al., 2004) . As a result, one source of DDGS may not sustain the same level of milk production reached when feeding another source. For example, in a study conducted by Powers et al. (1995) , replacing soybean meal with 2 sources of DDGS increased the milk yield, but a third source had no effect. In addition, feeding 1 source of DDGS increased the concentration of milk protein compared with the other 2 sources. Modifications in processing DDGS, such as fine grinding (Maisch, 2003) , germ Eckhoff 1996, 1997) and germ-fiber removal (Singh et al. 1999; Wahjudi et al., 2000) , enzymatic milling processes (Singh et al., 2005) , and dilute-acid pretreatment (Tucker et al., 2004 ) to improve ethanol yields or controlled drying conditions to minimize protein denaturation that occur during excessive drying (Nakamura et al., 1994b) have been adopted since that study was conducted.
A lactation study evaluating the effect of DDGS processed using more current practices on milk production and composition or efficiency of AA utilization for milk protein synthesis has not been conducted to date. Therefore, the objectives of this study were to evaluate the performance of lactating cows and the efficiency of AA utilization for milk protein synthesis when fed DDGS from various sources.
MATERIALS AND METHODS
All procedures for this study were conducted under approval of the South Dakota State University Animal Care and Use Committee. Eight multiparous (123 ± 15 DIM) and 4 primiparous Holstein cows (104 ± 27 DIM) were used in a replicated 4 × 4 Latin square design with 28-d periods. Weeks 1 and 2 of each period were used for adjustment to diets; wk 3 and 4 were used for data collection. Dietary treatments (Table 1) consisted of no DDGS (CON) or DDGS from 3 different sources at 20% of diet DM (DDGS-1, DDGS-2, or DDGS-3). The 3 sources were manufactured using proprietary methods but details of the processes were not disclosed to the authors. We considered DDGS-1 to be representative of most commercially available DDGS; DDGS-2 and DDGS-3 were both supplied by the same company but were likely prepared by 2 different methods. Dried distillers grains plus solubles replaced a portion of the ground corn and soybean meal in the CON diet. The diets were formulated to contain 16% CP and have a negative balance of MP for a 613-kg Holstein cow producing 40.9 kg of milk/d with 3.70% fat and 3.10% true protein (NRC, 2001) to evaluate protein quality. Milk yield was a known parameter prior to the study and all others were estimated. When evaluating protein quality among feed sources, providing adequate MP may negate a possible production or blood AA response because the diet already may provide the adequate amounts of essential AA to the animal from other feedstuffs to meet its genetic potential. Cows were housed in a free-stall barn and individually were fed diets as a TMR for ad libitum consumption once daily (0800 h) using Calan Broadbent feeder doors (American Calan, Inc., Northwood, NH). Feed intakes were recorded daily.
Samples of corn silage, alfalfa hay, concentrate mixes, DDGS, and TMR were collected on 3 consecutive days at the end of each period and stored at −20°C until analysis. Samples were composited by period and dried at 55°C in a Despatch oven (style V-23; Despatch Oven Co., Minneapolis, MN) for 48 h. Composites were ground through a 4-mm screen of a Wiley mill (model 3; Arthur H. Thomas Co., Philadelphia, PA), then reground through a 1-mm screen of an ultracentrifuge mill (Brinkman Instruments Co., Westbury, NY). Composites were analyzed for NDF with sodium sulfite and α-amylase (Van Soest et al., 1991) , ADF (Robertson and Van Soest, 1981) , and acid detergent lignin (Lowry et al., 1994) sequentially with an ANKOM fiber analyzer (ANKOM Technology Corp., Fairport, NY). Crude protein, ether extract, ash, Ca, P, and Mg were analyzed according to AOAC procedures (AOAC, 2000) . The neutral detergent insoluble nitrogen (NDIN) and ADIN fractions were quantified in the DDGS as described by Licitra et al. (1996) .
Feed fatty acids for TMR and DDGS were prepared as butyl esters for analysis in an adapted method described by Sukhija and Palmquist (1988) using gas chromatography (model 6890, Hewlett-Packard, Palo Alto, CA). Using an adaptation of methods described by Loor et al. (2005) , samples were analyzed using a flameionization detector. The injector port was at 230°C with a split ratio of 50:1. The column was 100 m in length, with an inside diameter of 0.25 mm (Varian, CP-Sil 88, Lake Forest, CA). Flow rate was 2.0 mL/min of helium. Initial temperature was 50°C held for 1 min then increased to 145°C at a rate of 5°C/min and held for 30 min. Temperature was then increased 10°C/min to 190°C and held for 30 min. Finally, the temperature was increased 5°C/min to 210°C and held for 35 min. The total run per sample was 123.5 min. Samples were corrected to 100% DM basis by drying an aliquot of the composites at 105°C for 24 h. Particle size distribution and mean particle size was determined on the DDGS samples using a Rototap shaker sieve (model RX-29, W. S. Tyler, Mentor, OH). Color score was determined on DDGS samples using a LabScan XE spectrocolorimeter (Hunter Associates Laboratory, Reston, VA) with the L, a, and b opposable color scales (Hunter Associates Laboratory, 2002) .
Cows were milked at 0600, 1400, and 2100 h and yields were recorded. Milk samples were collected at the end of each period for each milking on 3 consecutive days. Milk samples were mixed by gentle inversion and composited in volumes corresponding to the respective milking for each cow on the sampling day. Samples were analyzed by Heart of America DHIA Laboratory (Manhattan, KS) according to approved procedures of AOAC (1997) . Milk true protein, fat, and lactose were determined by near infrared spectroscopy (Bentley 2000 Infrared Milk Analyzer, Bentley Instruments, Chaska, MN). Concentration of MUN was determined using chemical methodology based on a modified Berthelot reaction (ChemSpec 150 Analyzer, Bentley Instruments) and somatic cells were counted using a flow cytometer laser (Somacount 500, Bentley Instruments).
Cows were weighed and scored for body condition on a scale of 1 to 5 (Wildman et al., 1982) approximately 3 h after feeding on 3 consecutive days at the end of each period. Blood was collected at the end of each period from the coccygeal artery into heparin Vacutainer tubes (Becton Dickinson and Co., Franklin Lakes, NJ). Plasma was obtained by centrifuging at 500 × g and stored at −20°C until analyzed for AA via HPLC (model 1100, Agilent Technologies, Inc., Palo Alto, CA) with a PCX 5200 postcolumn derivatizer (Pickering Laboratories Inc., Mountain View, CA) as described by Mondina et al. (1972) , Pickering (1989) , and Grunau and Swiader (1992 concentration (g/L) × mammary blood flow (L/d)]}, was calculated using estimates of mammary blood flow (Kronfeld et al., 1968) and AA output in milk (Jacobson et al., 1970) to evaluate the limiting AA of each diet. After discarding the first 150 mL to minimize saliva contamination, approximately 250 mL of ruminal fluid was collected 3 h after feeding by applying vacuum pressure to an esophageal tube fitted with a suction strainer on 2 consecutive days at the end of each period. A 10-mL aliquot was mixed with 2 mL of 25% (wt/vol) metaphosphoric acid and frozen at −20°C until centrifugation at 30,000 × g and analyzed for concentrations of ammonia-N (Weatherburn, 1967) and VFA. Concentrations of VFA were measured using a 6890 gas chromatograph (Hewlett-Packard) equipped with a 0.25 mm i.d. × 15 m column (Nukol, 17926-01C, Supelco, Inc., Bellefonte, PA). The split ratio in the injector port (250°C) was 100:1 with a flow of 1.3 mL/min of He. Column and detector temperature were maintained at 130 and 225°C, respectively.
Means of DMI and milk yield during wk 3 and 4 and means of milk composition and arterial plasma AA concentrations during wk 4 of each period were used for statistical analysis. Analysis of variance was conducted using the MIXED procedure (Littell et al., 1996) of SAS (SAS Institute, 1999) . Cow served as the experimental unit. The model was Y = treatment + parity + period + treatment × parity + treatment × period + parity × period + treatment × parity × period, with cow(parity) designated as a random variable. Treatment × parity × period was not significant and was removed from the model. Orthogonal contrasts were designed to test for differences between soybean meal vs. DDGS (CON vs. DDGS-1, DDGS-2, and DDGS-3), between ethanol com- NDF for DDGS was 51.3, 45.7, and 46.4% for DDGS-1, DDGS-2, and DDGS-3, respectively, when sodium sulfite was not used.
panies (DDGS-1 vs. DDGS-2 and DDGS-3), and between processing practices within an ethanol company (DDGS-2 vs. DDGS-3). Significance was declared at P < 0.05 and tendencies were noted at P < 0.10.
RESULTS AND DISCUSSION
The chemical composition of the ingredients used in this study is shown in Table 2 . The sources of DDGS used in this study had similar concentrations of CP. Distillers grains from source 1 had a greater percentage of the CP recovered as NDIN (45.8%) and ADIN (23.1%) compared with sources 2 (47.1 and 9.4% for NDIN and ADIN, respectively) and 3 (51.7 and 10.3% for NDIN and ADIN, respectively). Sodium sulfite was excluded from the analysis of NDIN as described by Licitra et al. (1996) . Without the addition of sodium sulfite, the NDF of the sources of DDGS used in this study were 51.3, 45.7, and 46.4% for DDGS-1, DDGS-2, and DDGS-3, respectively. The greater percentage of ADIN in source 1 indicated that DDGS-1 might have been dried under more extreme conditions, which may increase the amount of potentially unavailable protein to the animal. It has been well established that there is a strong negative relationship between ADIN and N digestibility in forages (Goering et al., 1972; Yu and Thomas, 1976) . When N is fractionated, the ADIN is assumed to be completely unavailable to the animal (Licitra et al., 1996) . However, past animal studies have found ADIN to be a poor indicator of protein digestibility (Weiss et al., 1989; Nakamura et al., 1994a) . Naka- (1994a) found the digestibility of various sources of DDGS to be similar in N digestibility, but the ADIN was highly variable among the DDGS sources (7.8 to 27.9% of N). There was also a weak relationship between ADIN and N digestibility (R 2 = 0.24). Van Soest (1989) stated that feeds generally contain 3 to 15% of the N as ADIN, and values within this range may not be high enough to pose negative effects. In a 3-yr study, Spiehs et al. (2002) observed variation in the nutrient content of DDGS among 10 ethanol plants in South Dakota and Minnesota. In that study, CP content ranged from 28.7 to 31.6% (CV = 6.4%), fat content from 10.2 to 11.7% (CV = 7.8%), NDF content from 36.7 to 49.1% (CV = 14.3%), and Lys content from 0.72 to 1.02% (CV = 17.3). The major sources of variation in DDGS originate from processing factors such as temperature and duration of drying, starch extraction efficiency, and amount of solubles added back to distillers grains. It also has been suggested that the chemical composition of the corn used may impact the nutrient content of DDGS; however, Belyea et al. (2004) found that there was a poor relationship between the chemical composition of corn and that of the DDGS produced.
The color scores of the DDGS are shown in Table 3 . The color of DDGS-3 (41.7) was much lighter compared with DDGS-1 (33.8) and DDGS-2 (32.0). Cromwell et al. (1993) found that decreasing color score and greater ADIN concentrations in DDGS were highly correlated (r = 0.79). In contrast, Harty et al. (1998) found this relationship to be weak. Generally, the ADIN content of the DDGS used in the first study were greater (aver- 1 L = Lightness of sample, 0 = black, 100 = white; the greater the value of a and b, the greater degree of redness and yellowness, respectively. 2 DDGS-1, DDGS-2, and DDGS-3 = DDGS from source 1, source 2, and source 3, respectively. age of 22.4% of N) than that used in the second (average of 8.0% of N). However, Harty et al. (1998) found the darkness and ADIN of DDGS to be strongly correlated (r = 0.80) when analysis included DDGS with an ADIN greater than 13% of N. Overall, using color as an indicator of DDGS quality may be appropriate only when the feed contains a high concentration of ADIN. The results in this experiment agree with that observed by Harty et al. (1998) , such that there was little difference in color score between DDGS-1 and DDGS-2, but DDGS-2 contained much less N bound as ADIN. Furthermore, DDGS-3 was scored much lighter that DDGS-2, but DDGS-2 had a slightly lower concentration of ADIN. The particle size distribution and mean particle diameter of DDGS is shown in Table 4 . Overall, DDGS-2 (1.177 mm) had the greatest mean particle size, followed by DDGS-1 (0.735 mm) and DDGS-3 (0.512 mm).
The chemical composition of the diets fed in this study is shown in Table 5 . Diet CON provided adequate RDP, unlike diets containing DDGS, because soybean meal is a source of highly degradable protein in the rumen. The diets containing the 3 sources of DDGS failed to meet estimated RDP requirements of the animals and were found to differ in a companion in situ study (22.0, 32.2, and 36.4% of CP for DDGS-1, DDGS-2, and DDGS-3, respectively; Kleinschmit et al., 2005) . As a result, it was estimated that the diet containing DDGS-1 did not meet the MP requirement of the animals as sufficiently as DDGS-2 and DDGS-3. The RDP values in these sources of DDGS were quite low compared with what is commonly used to formulate diets (46 to 53% of the CP; Firkins et al., 1984) . However, these values are similar to what has been observed by Brouk (1994; 12. 8 to 46.8% of CP) and Harty et al. (1998; 37 .4 to 52.2% of CP).
Diets containing DDGS also had greater concentrations of ether extract, fatty acids, and NDF compared with CON.
DMI, Milk Yield, and Milk Composition
In this study, DMI (21.4 kg/d; Table 6 ) and CP intake (3.34 kg/d) did not differ among treatments. In general, past studies have also found feeding DDGS at levels similar to this study (approximately 20% of DM) did not affect DMI (Powers et al., 1995; Liu et al., 2000 , Hippen et al., 2003 . Cows fed diets containing DDGS had greater yields of milk (average of 34.6 vs. 31.2 kg/ d; P = 0.007), 4% FCM (average of 32.7 vs. 29.6 kg/d; P = 0.008), and ECM (average of 35.4 vs. 32.3; P = 0.01) compared with CON. As a result, feed efficiency was greater (P = 0.03) in cows fed DDGS compared with CON (1.78 vs. 1.63 kg of ECM/kg of DMI). There was also a tendency for feed efficiency to be greater (P = 0.10) when cows were fed DDGS-3 compared with DDGS-2 (1.86 vs. 1.72 kg of ECM/kg of DMI). Previous studies found that replacing soybean meal with DDGS increased yields of milk (Powers et al., 1995; Nichols et al., 1998) and ECM (Nichols et al., 1998) ; however, the changes in those experiments were moderate compared with what was observed in this study. The increased milk yield of cows fed DDGS may have been due to the fact that about one-third of the corn in CON diet was replaced with DDGS. This byproduct generally contains about 10 to 12% fat, and incorporating DDGS in place of corn may increase the energy density of the diet. Birkelo et al. (2004) found that wet distillers grains contained more energy than corn when fed to lactating dairy cattle. Feeding DDGS did not decrease the concentration of milk fat compared with CON, which has been a general perception in the field. In addition, there was a tendency (P = 0.10) for milk fat percentage to be greater in cows fed DDGS-3 compared with DDGS-2. The CON diet had a relatively high concentration of NFC, but this diet did not appear to affect the milk fat content; cows fed this diet produced milk containing 3.69% fat. Past studies have found that feeding DDGS to dairy cattle at concentrations similar to that fed in this study did not affect milk fat content when the control diet did not have added fat (Powers et al., 1995; Nichols et al., 1998 , Liu et al., 2000 . Other studies that provided added fat in the control diet, as would commonly be found in an applied setting, found that feeding DDGS (Hippen et al., 2004) or wet distillers grains plus solubles (Hippen et al., 2003) at concentrations similar to that fed in this study did not affect milk fat content. In contrast, Leonardi et al. (2005) found that feeding DDGS at an increasing concentration decreased milk fat content linearly (3.38, 3.35, 3.33 , and 3.24% fat for 0, 5, 10, and 15% DDGS) with the only significant change occurring between 10 and 15% DDGS. However, that change was probably not biologically significant. Milk fat yield was greater (P = 0.02) in cows fed DDGS compared with CON (1.26 vs. 1.14 kg/d) and was a result of the increased milk yield.
Milk protein percentages were greater (P < 0.001) for CON vs. DDGS. A similar finding was observed when wet distillers grains (Schingoethe et al., 1999) and DDGS (Owens and Larson, 1991) replaced soybean meal. This small decrease in milk protein percentage typically occurs when diets contain additional fat (Schingoethe et al., 1999) , as was the case with DDGS diets. It has also been observed that Lys is the firstlimiting AA for milk protein synthesis in diets containing DDGS (Nichols et al., 1998) . As previously noted, the MP requirement of the animals was more adequately met with DDGS-2 and DDGS-3 compared with CON, which indicated that more AA were available to the mammary gland for milk protein synthesis. Schingoethe (1996) reported that the milk protein score (i.e., the AA content of the most limiting AA in a protein supplement or diet relative to that AA in milk) of DDGS was 0.32 compared with 0.46 for soybean meal. Furthermore, according to NRC (2001) estimates, RDP was limiting in diets containing DDGS but not in CON, thus depriving the cows fed DDGS of some high quality microbial protein that has a milk protein score of 0.78. More of the CP in DDGS-1 was recovered as ADIN compared with the other 2 sources, which may have resulted in poorer CP digestibility and a tendency (P = 0.10) for milk protein content to be less. Milk protein yields tended (P = 0.10) to be greater for cows fed DDGS than for those fed CON (1.09 vs. 1.02 kg/d), which was a function of increased milk yield in DDGS diets. Concentrations of MUN were lower (P < 0.001) in cows fed DDGS compared with CON (9.36 vs. 10.6 mg/dl). The lower values in the cows fed DDGS were possibly because of the lower RDP of those diets. The concentrations of MUN in this study were relatively low because of the low concentrations of dietary CP.
Nitrogen efficiency [milk protein output (kg/d)/CP intake (kg/d)] was not affected by feeding DDGS. Based on this measure, it was assumed that N excretion was probably similar between CON and DDGS. Compared with CON, more of the excreted N from DDGS was most likely via the feces. This assumption was validated by the lower concentrations of MUN in milk from cows fed DDGS (Kauffman and St-Pierre, 2001 ) and by the observation that the protein digestibility of DDGS (68.8, 84.2, and 83.9% for DDGS-1, DDGS-2, and DDGS-3, respectively) was estimated to be less that of than soybean meal (94.9%; Kleinschmit et al., 2005) . The concentration of lactose was similar among treatments; however, DDGS diets had increased (P < 0.01) yields of this component compared with CON, which was in agreement with increased milk yields. Body weight of the cows was not different among treatments (average of 641 kg) and cows had an average BCS of 3.00.
Amino Acids
Arterial concentrations of Arg, Ile, Lys, and Thr were decreased and concentrations of His and Leu increased when DDGS replaced soybean meal in the diet (Table  7) . There was a tendency for arterial concentrations of Phe and Trp to increase when DDGS was fed. Previous research showed a tendency for arterial Lys concentrations to decrease when DDGS replaced soybean meal (Nichols et al., 1998) or a blend of various protein sources (Liu et al., 2000) . The concentrations of Ile, Trp, and Val were less when DDGS-1 was fed compared with DDGS-2 and DDGS-3, and there was a tendency for cows fed DDGS-1 to have lower concentrations of arterial plasma Leu and Lys compared with those fed DDGS-2 and DDGS-3. The decrease in the concentrations of certain AA in DDGS-1 compared with DDGS-2 and DDGS-3 was most likely the cause of the slight depression in milk protein content. Even though cows fed DDGS-2 and DDGS-3 had greater concentrations of specific individual essential AA than those fed DDGS-1, concentrations of total essential AA did not differ by treatment. Overall, the concentrations of nonessential AA did not differ by treatment, though there was a tendency for Glu to be greater (P = 0.10) in cows fed CON than DDGS diets and Ser to be greater (P = 0.07) in cows fed DDGS-3 than DDGS-2.
The AA transfer efficiencies (Table 8) of His, Leu, Phe, Trp, and Tyr were less and that of Lys was greater (P = 0.004) in cows fed DDGS diets compared with CON. There was also a tendency for the transfer efficiencies of Arg and Ile to be lower for CON than for DDGS. Compared with DDGS-1, sources 2 and 3 decreased (P = 0.04) the AA transfer efficiency of Ile, and DDGS-2 had a greater transfer efficiency of Tyr compared with DDGS-3. Methionine was the first-limiting AA for milk protein synthesis for CON and DDGS-2, and Lys was the first-limiting AA for DDGS-1 and DDGS-3. The Lys requirement may have been better met in DDGS-2 compared with DDGS-1 and DDGS-3 because Kleinschmit et al. (2005) found more dietary Lys available to the small intestine with DDGS-2 compared with the other sources. More of the protein in DDGS-1 may have been unavailable to the animal, which may have been caused by excessive heating of the product. In particular, Lys is the first AA that is susceptible to Maillard reactions (Schwab, 1995) . In contrast to this finding, the protein in DDGS-3 was found to be more ruminally available than DDGS-2 in a companion in situ study (Kleinschmit et al., 2005) . Total protein digestibility did not differ Contrasts: 1 = CON vs. DDGS-1, DDGS-2, and DDGS-3; 2 = DDGS-1 vs. DDGS-2 and DDGS-3; 3 = DDGS-2 vs. between these 2 sources, thereby suggesting that a greater proportion of the AA, in particular Lys, escaped ruminal degradation and was available to the animal. In this study, Lys, Met, and Phe were the 3 most limiting AA in all diets. This finding has also been observed in past research (Nichols et al., 1998; Liu et al., 2000) .
Ruminal Components
The VFA and ammonia composition of ruminal samples is shown in Table 9 . The molar percentage of ruminal acetate (63.0%) was similar among treatments. Inclusion of DDGS did not affect the molar percentage of propionate (22.6%) compared with CON; however, DDGS-1 (24.0%) had a greater (P = 0.04) molar percentage of this VFA compared with DDGS-2 (22.6%) and DDGS-3 (21.3%). There was also a parity × treatment interaction for this acid in that the concentration of propionate in multiparous cows was similar across all treatments. Primiparous cows had a greater concentration (P = 0.02) of this acid than multiparous cows. Primiparous cows consumed less feed in this study, and this may have decreased the ruminal passage rate of feed particles in these animals. As a result, the greater residence time of the feed in primiparous cows may have allowed more complete fermentation compared with the multiparous animals. Among the primiparous cows, feeding DDGS-1 increased the concentration of propionate compared with CON and DDGS-3. Reasons for these findings are unknown. Concentrations of isobutyrate were greater (P = 0.008), and the concentrations of butyrate were less in CON (P < 0.004) compared with diets containing DDGS. Cows fed the CON diet tended (P = 0.09) to have a greater concentration of isovalerate compared with diets containing DDGS. The ruminal concentrations of valerate were similar among diets. Cows fed CON had greater (P = 0.03) concentrations of VFA compared with those fed DDGS (65.6 vs. 53.8 mM/L), and those fed DDGS-2 tended (P = 0.10) to have lower concentrations of VFA compared with those fed DDGS-3. The greater concentrations of VFA from cows fed CON compared with DDGS may have been caused by the presence of more nonstructural carbohydrates, which allowed more fermentation to occur. The method for obtaining rumen fluid in this study was not ideal due to the unavailability of cannulated cows, and salivary contamination by the sample may have diluted total concentrations of VFA; however, such contamination affects primarily pH (which was not measured) and does not affect molar proportions of various VFA. The findings observed within this study agree with what has been observed in previous studies feeding wet distillers grains plus solubles (Schingoethe et al., 1999) and DDGS (Nichols et al., 1998) . Primiparous cows had greater concentrations of ruminal VFA compared with multiparous cows, which was probably due to a lower passage rate caused by less DMI. The acetate to propionate ratio was similar among all treatments. Cows fed diets containing DDGS had lower (P < 0.001) concentrations of rumen ammonia compared with CON (4.50 vs. 7.20 mg/dL), which coincided with lower concentrations of MUN in cows fed DDGS. As previously mentioned, salivary contamination may have diluted rumen ammonia concentrations; however, soybean meal is highly ruminally degradable, which explains the greater concentration of ammonia in cows fed CON compared with those fed DDGS. The rumen ammonia values observed within this study are comparable to concentrations normally found within the rumen (Satter and Slyter, 1974) . The low concentrations of rumen ammonia combined with lower concentrations of nonstructural carbohydrates from DDGS may have limited rumen microbial synthesis, thus further explaining the decline in milk protein content in animals fed DDGS.
CONCLUSIONS
Replacing the majority of the soybean meal in a protein-deficient dairy ration with DDGS significantly increased the yields of milk, 4% FCM, and ECM. Yields of milk protein tended to increase; however, milk protein percentage was decreased. This decrease may have been the result of lower concentrations of Lys available to synthesize milk protein in animals fed DDGS. Replacing soybean meal with DDGS decreased the concentrations of MUN. Feeding cows DDGS decreased total concentrations of VFA. Overall, the source of DDGS did not have a significant effect on the lactation performance. Decreasing the ADIN content in DDGS, as in DDGS-2 and DDSG-3, may have contributed to improved protein quality, which increased concentrations of specific individual essential AA needed to synthesize milk protein.
